An integrated experimental methodology has been applied to measure number and size distributions 7 of particles in the 5-560 nm size range in the wake of a diesel car running at different speeds. 8
a fast response differential mobility spectrometer (Cambustion DMS50) with a sampling frequency 11 up to 10 Hz. Results from both the experimental campaigns were analysed to understand the 12 dynamics, dispersion and transport of nanoparticle emissions in the wake of a moving vehicle. 13
Temporal changes in results were divided into three main stages (pre-evolution, evolution and post-14 evolution) after the release of exhaust emissions from the tailpipe. Evolution stage is of most 15 interest where all the changes to particle number and size distribution occurred. Up to four 16 evolution sub-stages were observed, each showing distinct evolution patterns of particle size 17 distributions, depending on the particular experimental run. In agreement with previous studies, 18 dilution was found to be the dominant process throughout all the evolution stages. The first 19 evolution sub-stage was common to all the measurements, and consisted of an initial particle 20 number concentrations and distributions change due to rapid (less than 1 s) nucleation followed by a 21 rapid increase of accumulation mode particle number concentrations. After this first sub-stage the 22 presence of vehicle wake with recirculating particles and the possible influence of other 23 transformation processes lead to complex interactions. Results from the two experimental data sets 24 clearly confirm the presence of two separate groups of particles: (i) new particles, which are freshly 25 emitted and come directly from the tailpipe and (ii) relatively aged particles, which are entrained 26 within the recirculation vortices of the vehicle wake and reside there for a longer time. The two 27 groups have different characteristics and interact with each other. This interaction has often been 28 overlooked in past studies about local scale dispersion of nanoparticle from moving vehicles. and size distributions of nanoparticles in urban areas have been made using instruments such as 48 scanning mobility particle sizers (SMPS), condensation particle counters (CPC), electrical low 49 pressure impactors, alone or in combination. Most of these instruments have lower sampling 50 frequencies relative to that required to characterise nanoparticle dispersion phenomena in vehicle 51 wakes, hence an instrument with a fast response is required (Kumar et al., 2009c) . 52
Field experiments purposely designed for measuring nanoparticle evolution in the wakes of vehicles 53 are rare. Ambient measurements, while providing an integral view of the population exposure 54 levels, cover both primary emitted and secondary formed particles, thus they cannot be reliably used 55 to derive detailed source-receptor relationships (Wehner et al., 2009) or to investigate the first 56 stages of the particle evolution within the wake (Carpentieri et al., 2011). Most of the previous 57 studies on nanoparticle emissions from single vehicles in real driving conditions (as opposed to 58 direct laboratory measurements using chassis dynamometers) are based on on-road measurements 59 with so-called chasing methods (Wehner et al., 2009 ). In these experiments, mobile laboratories 60 equipped with measurement instruments follow the car to be investigated and measure the particle 61 and gas emissions; for example, see Vogt et al. (2003) behind the tailpipe of a moving diesel car. However, the vehicle wake was heavily distorted due to 69 the presence of the trailer and the samples were taken offline, making impossible a realistic analysis 70 of the evolution process. Wehner et al. (2009) overcame this problem by using on-board 71 measurements. They mounted samplers for measuring meteorological parameters (ambient 72 temperature and relative humidity), PNCs in the 7-400 nm size range and gas (NO x and CO 2 ) 73 concentrations, upon a bicycle rack on the back of a moving car. Using this experimental setup, they 74 measured number and size distributions of particles between 0.45 and 0.90 m away from the 75 tailpipe and derived particle number emission factors under different driving conditions. This 76 experimental setup reduced the disturbance on the wake flow generated by the mounted 77 instrumentation to acceptable levels. However, the number of measuring devices deployed, while 78 being very useful for the post-processing and interpretation phases still produced a non-negligible 79 modification of the vehicle wake. The study used 90s averages from samples analysed by a SMPS; 80 this could be further improved by using instruments with shorter response times and higher 81 sampling frequencies. locally by using two weather stations. The first one (Davis Weather Wizard 3) is located on top (~20 135 m above ground level) of a nearby University building which was about 250 m away from the 136 experimental site. This station measured the data at 2 s intervals and logged them every 10 minutes 137 after averaging. For monitoring the local meteorological conditions at the experimental site, the 138 second weather station (LaCrosse WS-2350) was placed on a pole at 4 m above the road level near 139 the sampling location (see Fig. 1 ). This station logged the monitored meteorological data every 3 140 minutes during the experiments. Weather conditions remained relatively constant during the 141 experimental campaign, with an average temperature of 15.9 °C, an average pressure of 102.1 kPa 142 and average relative humidity of 59%. The average wind speed measured by the campus weather 143 station on the building roof was 4.9 m s -1 with a prevailing wind direction approximately from 144 north-east, while the on-site station measured an average of 1.4 m s -1 at a much lower height. 145
On-board measurements 146
The second experimental campaign was performed again in the University of Surrey car 147 park. The same car, as described in Section 2.1, was driven around the perimeter lane of the car park 148 during two separate campaigns (Saturday, 13 th November 2010, and Saturday, 29 th January 2011). 149
Similar to ground-fixed measurements, three car speeds (20, 30, and 40 km h -1 ) were used during 150 these experiments. The area used for these experiments (see Site 2 in Fig. 1 ) has an approximate 151 extension of 300 m in the east-west direction. This arrangement was sufficient for driving the car at 152 an approximately constant speed for about 20 to 60 s during each run in both directions. All the runs 153 were repeated at least twice. 154
In this second experimental campaign, the DMS50 was placed inside the test vehicle and the sample 155 tube (length 1.75 m) was attached to an L-shaped pole extending from the back of the car (see Fig.  156 1). The set up covered both the traditionally seen recirculating flow regions on each corner of a 157 moving vehicle and centre region (Hucho, 1987) , and allowed mapping of number and size 158 distributions at 12 fixed points within the vehicle wake. These included 9 (3×3) points at x=0.45 m 159
(in particular at y=-0.45, 0 and 0.45 m, and z=0.10, 0.50 and 0.90 m), and 3 further points at x=0.80 160 m (at y=-0.45, 0 and 0.45 m, and z=0.50 m). Note that, as illustrated in Fig. 1, x=0 is placed at the 161 tailpipe exit, y=0 is located at the car centre line and z=0 is at ground level, so that y=-0.45 m is in 162 line with the tailpipe. 163
Meteorological conditions were monitored as described in Section 2.1. The first of the two on-164 board experimental campaigns was carried out in a day with very calm wind conditions. The 165
average measured values during these tests were: temperature 11.4 °C; atmospheric pressure 99.5 166 kPa; relative humidity 64%; wind speed 0.4 m s -1 ; prevailing wind direction from west. During the 167 second on-board campaign wind conditions were similar to those during the ground-fixed tests: 168 average wind speed at roof level equal to 4.8 m s -1 , with a prevailing wind direction from south; 169 average temperature, atmospheric pressure and relative humidity were, respectively, 3.9 °C, 102.6 170 kPa, and 62%. 171
3.
Results and discussion 172
This chapter reports and discusses the results obtained from both (ground-fixed and on-173 board) the experimental campaigns. After few preliminary checks for quality assurance of data 174 (Section 3.1), experimental results are presented in terms of PNCs and particle number distributions 175 (PNDs) in Sections 3.2 and 3.3 for both experimental setups. Discussion on the main findings and 176 significance of the experimental study is then reported in Section 3.4. 177 3.1. Sensitivity levels on the DMS50 and particle losses in sampling tubes 178
In order to ensure the quality of the measurements with the Cambustion DMS50, some 179 preliminary checks were deemed necessary. In particular, sensitivity levels compared with noise 180 was analysed, and an initial assessment of particle losses in sampling tubes was carried out. 181
Following the same methodology applied by Kumar et al. (2009c) for testing the noise level of the 182 DMS500 in their experiments, sensitivity of the DMS50 was checked by comparing its noise level 183 with the measured minimum (background) PNCs at the experimental site. The background PNCs at 184 site were measured by applying the highest sampling frequency (10 Hz) when the noise level of the 185 DMS50 is also the greatest. As seen in Fig. 2 , comparison of the measured PNDs at a maximal 186 noise (10 Hz frequency) indicates that the background PNCs were well above the noise level of the 187 instrument for particle diameters greater than 7 nm. The signal from particle sizes up to 7 nm, 188 however, is comparable, or below, the noise level at 10 Hz. This fact, however, does not affect the 189 discussion on the following sections, since most of the analysis is based on longer time averages. 190
Particle losses caused by the experimental set up can become relevant especially for smaller particle 191 sizes and longer sampling tubes (Kumar et al., 2008c) . In order to minimise this effect, the length of 192 the sampling tubes has been kept to the minimum required to reach the measurement location. Using the semi-empirical formulation given by Hinds (1999) , for example, the penetration 200 efficiency during the tests with the 4 m tube can be estimated as around 70-75% for particle sizes ≤ 201 6 nm, reaching already 80% at 7 nm, and above 90% for particles bigger than 10 nm. For the 1.75 m 202 long tube, penetration is above 80% for all size ranges detected by the DMS50, reaching 90% for 203 particle sizes around 7 nm. 204
In the following sections results are discussed mainly in relative terms, comparing data from 205 different runs, at different locations and time. In absolute terms, however, the main effects greater range, as evidenced also by the calculated standard deviations (Table 1 ). In particular, the 223 ratio between the maximum measured peak value (H=0.25 m, V=50 km h -1 , Run 02) and the 224 minimum measured peak value (H=0.10 cm, V=40 km h -1 , Run 04) was about 50. This variability, 225 even within the same nominal experimental conditions, was largely expected, given the 226 unpredictability of local turbulence conditions and imperfect alignment of the car with respect to the 227 sampling point across different runs (see further discussion on this point in Section 3.4). 228
Much more consistent is the time when the instrument measured the peak value for a particular run 229 (Table 1) . Confirming results from our earlier work (Kumar et al., 2009c) , the PNCs reached their 230 peak values within and just over 1 s for H = 0.10 and 0.25 m, respectively; t=0 is defined as the 231 time when the PNC start to significantly increase from the background concentrations which can 232 supposedly be considered as the first sign of detection of the plume. As expected, the time when the 233 peak is detected seems to be affected more by the sampling height than the vehicle speed, as 234 evidenced by the greater difference in peak times between 0.10 and 0.25 m than between cases at 235 different car speeds. The duration of the event, arbitrarily defined as the time during which the PNC 236 is above 150% of the background value, seems to increase on average together with the vehicle 237 speed for both H = 0.10 and 0.25 m. In particular, the decay time appears to increase with the car 238 speed, as reported in the following analysis. 239 re-normalised using the average peak value for each experimental case to obtain curves with peaks 244 equal to 1. The duration for the peak PNCs is generally larger for higher car speeds as seen in Table  245 1 and and the results from the second field campaign. 258
Despite the variability described above, some common features can indeed be found in the 259 evolution of the PNCs measured in these various test cases. Fig. 4 reports a selection from the total 260 available 65 cases illustrating some of the most common patterns during the ground-fixed 261 measurements. For instance, the pattern visualised in Fig. 4a is one of the most common (around 262 28% of the runs), even though the numerical values can differ from case to case. This pattern is very 263 similar to the one presented in a preliminary field campaign by Kumar et al. (2009c) . It features a 264 rapid building of PNC, with a peak usually before 1 s (see Table 1 ), then a rapid decrease followed 265 by a slightly slower decay before returning to the background values. A slightly modified version of 266 this pattern is presented in Fig. 4b (another 15% of the runs share this trend). This latter situation is 267 more common for higher car velocities where, as also shown in Table 1 , the decay time is longer. 268 . This pattern could also be due to rapid movements of the vehicle 276 wake; we will come back on this point with more details in the next section (3.2.2), where on-board 277 measurements are analysed. PNC evolutions for the entire dataset are available on request. 278
The evolution of PNCs measured at a ground-fixed sampling point is mainly driven by nucleation 279 and dilution. As a matter of facts, the effect of the emission measured at the fixed location lasts only 280 for a few seconds (usually about 5-15 s, see also Table 1 
PNCs during on-board measurements 287
A summary of the results for the on-board measurements is presented in Tables 2, 3 and 4  288 for vehicle speed equal to 20, 30 and 40 km h -1 , respectively. Data in the tables represents averages 289 over all the runs in same nominal conditions (i.e. car speed and measurement point) as described in 290 Section 2.2 and Fig. 1 . 291
Results presented in Figs. 5 and 6 highlight the spatial distribution of total PNCs in the car wake. As 292 expected, the maximum PNCs are measured along the points in line with the tailpipe. The closest 293 measurement points are P a and P d (Fig. 5a) ; these are respectively at z=0.10 and 0.50 m above the 294 ground and both at x=0.45 m away from the tailpipe. However, PNCs measured at P a are 2.5-2.7 295 times higher than those found at P d in all the experimental cases. This could be explained 296 considering the fact that P a is within the direct emission plume from the tailpipe, while P d is in the 297 recirculation wake. 298
An interesting aspect of the on-board measurements is the large differences in PNC among the 3 299 measurement points at z=0.10 m ( be due to the fact that the sampling point was moving in and out from the wake (or, to be more 313 precise, the wake moved, while the ground-fixed point was, indeed, fixed). No wonder the 314 variability observed during the z=0.25 m cases is higher than that observed at z=0.10 m. 315
At the same measurement points, the PNCs measured at higher car speeds (30 and, especially, 40 316 km h -1 ) are generally up to a factor of 3 larger than those measured at 20 km h -1 . As for the analysis 317 of ground-fixed measurements (Section 3.1.1), this could be due to a combination of two factors: (i) 318 particle number emissions at higher speed are greater (Kumar et al., 2011b) , and (ii) measurement 319 points at the same distance from the tailpipe are actually closer, from a temporal point of view, at 320 higher speeds. 321
Transformation of number and size distributions 322

PNDs during ground-fixed measurements 323
The analysis presented in this paragraph included the study of PNDs and GMDs at various 324 stages during the measurements. PNDs, in particular, are presented in terms of normalised number 325 weighted size spectrum. This normalisation has been carried out by dividing the measured number 326 spectral densities (dN/dlogD p ) for each size category (characterised by the diameter D p ) by the total 327 PNC at that particular time. This kind of normalisation was done for highlighting the relative 328 transformations in terms of size spectrum, removing the effect of dilution. In facts, dilution affects 329 all particle size ranges uniformly, and plotting the normalised spectra at different time steps on the 330 same graph will show a perfect superposition of those spectra when dilution is the only process 331 involved. 332
As in the case of PNCs, common features of the evolution of PNDs can be observed across the 333 various experimental runs, despite the expected differences among different runs even in nominally 334 identical conditions. Fig. 8 shows a typical behaviour of the normalised size spectrum during the 335 three main stages (pre-evolution, evolution and post-evolution, as defined below). The subdivision 336 of the transformation process in different stages is somewhat arbitrary, and it was done by observing 337 common trends of the PNDs during the measurements. Up to four evolution sub-stages, each 338 showing a distinct PND evolution pattern during various experimental runs, were also identified. 339
The "pre-evolution" stage represents the status of the size spectrum just before t=0 s (as defined in 340 Section 3.2), i.e. site background conditions. During this stage the PNDs are, as expected, consistent 341 across all the experimental cases, except for few observed differences due to uncontrolled external 342 disturbances. The peak number spectral densities during this stage are usually in the 10-12 nm size 343 range and the PNDs are dominated mainly by nucleation mode particles (Fig. 8a) . "Evolution" stage 344 is defined as the stage where most of the transformation processes occur; this is assumed to start at 345 t=0 s. In the case exemplified in Fig. 8 , and common to most of the runs in the first experimental 346 case (i.e. H=0.10 m, V=20 km h -1 ), the evolution stage can be further divided in two sub-stages, 347 marking a different behaviour in the transformation process: during the first sub-stage (tagged 348 "evolution 1" in Fig. 8 ), there is a rapid change in the normalised size spectrum. This shows an 349 initial increase in spectral densities at diameters around 25 nm followed by an even greater increase 350 for particle sizes between ~40 and ~100 nm (Fig. 8b) . The second sub-stage of evolution (tagged 351 "evolution 2") starts at t = 0.8 s and shows the normalised size spectrum returning back to the site 352 background, very similar to the PNDs observed in the pre-evolution stage (Fig. 8c) . From t=1.9 s 353 onwards (Fig. 8d) , the normalised spectrum does not deviate much from the site background and 354 only total PNC variations are observed (dilution-only; see also Fig. 9a ). This stage is defined as 355 "post-evolution". 356 Fig. 9a shows the evolution of the GMDs, and the corresponding PNCs, during all the stages 357 highlighted in Fig. 8 . GMDs increase rapidly from the background value ~15 nm to a peak of ~38 358 nm during the "evolution 1" sub-stage due to the freshly-emitted particles in the nucleation mode 359 from our car (Fig. 8) , followed, with the same rapidity, by a decrease to the background value in 360 "evolution 2" sub-stage. Comparing the GMD trend with the corresponding PNCs (Fig. 9a) , it can 361 be noted that the former is slightly quicker in its return to the background conditions. This means 362 that at the beginning of the post-evolution stage we still have a PNC variation, despite the fact that 363 the GMD and the normalised spectrum do not change much (dilution only). This is, however, not 364 always the case, as discussed below. 365
The pattern outlined above, with two evolution sub-stages, is also common to the second 366 experimental set (H=0.10 m, V=30 km h -1 ), although in this case another behaviour can also be 367 observed (see Fig. 10 ): besides both the evolution sub-stages seen in earlier cases ("evolution 1" and 368 "evolution 3" in Fig. 10 , corresponding to evolution 1 and 2 in Fig. 8) , another sub-stage (evolution 369 2" in Fig. 10 ) is present. During this additional sub-stage size distributions do not change in relative 370 terms; the remarkable superposition of the various normalised spectra suggests dilution as the only 371 acting process. This sub-stage usually started after about 1 s, and lasted for another 2 or 3 s (see 372 Fig. 10c ), followed by a very slow return (Fig. 10d) to the original distribution (Fig. 10e) . This trend 373 is exemplified in Fig. 9b , for the same experimental case, with the help of GMD and PNC 374 evolutions. While the PNC evolution curve is very similar to that in Fig. 9a , the GMD pattern is 375 utterly different, with a fast initial increase up to about 24 nm and then a slow return to the initial 376 value (~15 nm). In this second phase, dilution is usually the main transformation process. This 377 behaviour can also be observed frequently in other two experimental cases (i. 50 km/h), except an additional fourth evolution sub-stage during the initiation of evolution process 381 is often observed (see Fig. 11 ). The evolution sub-stages 2, 3 and 4 in Fig. 11c, d and e,  382 respectively, look identical to those found in evolution sub-stages 1, 2 and 3 in Fig. 10b, 10c and  383 10d. The additional sub-stage (Fig. 11b) at the beginning of the evolution process in the present 384 case shows an initial rise in number spectral densities around the 17 nm diameter, followed by 385 another increase in the 23-30 nm range and then a rapid decrease. After about 1 s from t=0, this 386 trend is generally over, and the usual evolution pattern already observed in Fig. 10 is established  387 again. This process can also be observed in the evolutions of the GMDs and PNCs (Fig. 9c) , and 388 can be explained by the fact that different parts of the emitted plume are being sampled at different 389 times, as analysed during the on-board measurements and further discussed in Section 3.4. 390 Tables 2, 3  406 and 4 from PNC-1, PNC-2, GMD-tot, GMD-1 and GMD-2 values. The bimodal shape of the 407 PNDs is more evident at P a for higher car speeds. This is due to the fact that freshly emitted fine 408 particles are sampled earlier at 40 km h -1 than at 20 km h -1 . 409 Tables 2, 3 and 4. Numerically, the differences between the 412 average PNDs at these measurement points (P d , P g and P j ) are very small in all experimental 413 conditions. As shown in Tables 2, 3 and 4, GMDs at points P d and P g , in particular, seem not to be 414 greatly affected by the car speed. On the contrary, at points P a and P j , car velocity seems to have a 415 slightly greater influence, driven mostly by accumulation mode particles, while GMDs and PNCs in 416 the range 5-30 nm do not show much sensitivity to this parameter. 417 Tables 2, 3 and 4, as already pointed out. These points seem to be at the interface between 434 two different zones (the recirculation wake and the zone where the flow is coming from below the 435 car, see Fig. 7 and Section 3.2.2) of the wake, and this is reflected in the variability observed during 436 different runs at nominally the same experimental conditions. Other similarities can be observed 437 between PNDs at P i (x=0.45 m, y=0.45, z=0.90 m; Figs. 14d, e and f) and at P k (Figs. 13d, e and f) . 438
PNDs during on-board measurements 391
PNDs at the other remaining measurement points (P f , x=0.45 m, y=0.45 m, z=0.50 m, and P l , x=0.80 439 m, y=0.45 m, z=0.50 m) have the common shape already seen for P d , P e , P g , P j and P h . 440
Discussion 441
The large amount of data gathered during the two experimental campaigns offer several 442 points for discussion. The adopted experimental strategy allowed us to look at different aspects of 443 the nanoparticle dispersion process from a moving car, integrating the results from previous studies, 444 performed with different measurement setups. Particularly, the present study took into account the 445 effects of the vehicle wake on the nanoparticle transformation process, thanks to both the fast 446 response instrument and the integrated experimental methodology used. and size distributions of the particles. They found that fast dynamical processes (mainly nucleation) 465 in the exhaust plume of a truck and a bus, respectively, had already taken place within 0.7 s from 466 emission, confirming our current observations. 467
Irrespective of vehicle speed, results from the ground-fixed measurements show that the PNCs 468 reached to a peak after a remarkably constant time. This aspect indicates a negligible influence of 469 the vehicle wake in the very first phases of evolution, where dilution and nucleation are likely to be 470 driven mainly by the immediate interaction between the plume jet and the external environment. 471
After reaching the PNC peak, the nanoparticles start mixing with the wake or the external flow 472 (depending on which part of the plume we are looking at). This is evidenced by the longer decay 473 time experienced by PNC measurements in the ground-fixed experiments with higher car speed (for 474 example, see Table 1 experimental conditions; the sampling point in that case is probably at the border between the 502 recirculation wake and external flow, and this could partially explain the fact that nucleation mode 503 particles were not always detected by the authors of that study. In the second work (Morawska et  504 al., 2007) the sampling point was both within the wake and far from the tailpipe, so that nucleation 505 mode particles could not be observed. 506
The above finding about the differences between particles sampled within the recirculation wake, 507 and those sampled within the external flow is also well in agreement with the numerical simulations 508 carried out by Chan et al. (2010) for an exhaust plume in a vehicle wake, and has at least two strong 509 implications. Firstly, mathematical models dealing with nanoparticle dispersion at this local scale 510 should take particles recirculated within, and later escaping from, the wake into account, bearing in 511 mind that their characteristics are different from those freshly emitted. Further information on wake 512 residence time, as well as an estimate on the influence of coagulation and dry deposition processes 513 will be needed for a proper characterisation of the particles escaping from the wake. 514
The second implication is about the measurement methodologies generally used for this kind of 515 studies. As briefly reviewed in Section 1, essentially three different methodologies have been used 516 for measuring nanoparticles emitted from moving vehicles at close distance from the emission 517 point. The chasing method, as already discussed in the introduction, cannot be reliably used to 518 characterise nanoparticles in the very first stages from emission, unless by using trailing vehicles 519 which heavily modify the natural flow behind the vehicle. On-board measurements, as 520 demonstrated in this work and by Wehner et al. (2009) , can be very effective in this kind of studies. 521
Our results, however, show that careful positioning of the sampling points is needed to properly 522 characterise the dispersion and transformation of nanoparticles. In particular, the measurement grid 523 must be set up according to which type of nanoparticles the study is trying to characterise: new 524 freshly emitted particles, relatively aged wake-recirculated particles or both; especially in the latter 525 case, either a detailed knowledge of the vehicle wake or a large (and high resolution) grid is needed. 526
Ground-fixed measurements can give us continuous information on nanoparticle transformations 527 both in space and time; however, they must be carefully interpreted. Given the uncertainties on the 528 lateral positioning of the passing vehicle, it is not easy to control the experimental conditions. As 529 exemplified in Fig. 15 , given the shape of the direct plume emitted from the tailpipe, even small 530 deviations from the plume centreline, say a few centimetres, can cause very different parts of the 531 plume to be sampled during different runs. With the usual experimental setup, there is no easy way 532 to establish the distance from the tailpipe at t=0. Furthermore, when sampling the plume at greater 533 distances from the tailpipe, or higher levels from the ground, the influence of the wake-recirculated 534 plume will not be negligible. 535
Summary and conclusions 536
Two sets of experimental campaigns were carried out using a fast response particle 537 spectrometer to measure number and size distributions of nanoparticles in the wake of a moving 538 diesel car. Both ground-fixed and on-board setups were used. This experimental strategy allowed 539 us to take into account the effect of the vehicle wake on the nanoparticle dispersion process, 540 providing also new keys for the interpretation of results from previous studies by other authors. 541
The measurements again confirmed the dilution as a main driver for controlling the transformation 542 of nanoparticles in the emitted plume of a diesel car. Results about the first evolution phase, 543 immediately after emission, agreed with previous literature and confirmed the presence of a first 544 phase in which PNCs and PNDs change rapidly due to nucleation processes driven by quickly 545 increasing dilution. This stage is over after a few tenths of second, when condensation processes 546 start to become effective in increasing the size of the particles, with a fast (but slower than the first 547 phase) increase of accumulation mode particles. 
